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[57] . ABSTRACT

Described herein are molding compositions comprising
a blend of (a) a polyarylate derived from a dihydric
phenol and an aromatic dicarboxylic acid, (b) a polyes-
ter derived from an aliphatic or cycloaliphatic diol and
at least one aromatic dicarboxylic acid, (¢) an epoxide
and, optionally, at least one thermoplastic polymer. An
article molded from these compositions has a good
balance of mechanical properties and improved hydro-
lytic stability.
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POLYARYLATE COMPOSITIONS HAVING
IMPROVED HYDROLYTIC STABILITY

‘This invention is directed to a molding composition 5
comprising a blend of (a) a polyarylate derived from a
dihydric phenol and an aromatic dicarboxylic acid, (b) a
polyester derived from an aliphatic or cycloaliphatic
diol and at least one aromatic dicarboxylic acid, and (c)
an epoxide, and, optionally, (d) at least one thermoplas-
tic polymer compatible therewith.

Polyarylates are aromatic polyesters derived from a
dihydric phenol, particularly 2,2-bis(4-hydroxyphenyl)-
propane also identified as Bisphenol A, and an aromatic
dicarboxylic acid, particularly mixtures of terephthalic
and 1sophthalic acids. These polyarylates are high tem-
perature, high performance thermoplastic polymers
with a good combination of thermal and mechanical
properties. They also have good processability which
allows them to be molded into a variety of articles.

However, the hydrolytic stability of polyarylates is
poor which results in poor mechanical properties if
exposed to hydrolytic environment, under excessive
time and/or temperature conditions. This deficiency
also requires careful drying procedures of the polyary-
late prior to melt processing.

Epoxides have been tried as stabilizers in polyary-
lates. However, the resulting material is unstable at the
processing temperatures of the polyarylates. This insta-
bility is reflected in a rapid change In v1sc:031ty and
increased color development.

It has now been found that when an epoxide and a
polyester derived from an aliphatic or cycloaliphatic
diol and at at least one aromatic dicarboxylic acid are
blended with a polyarylate or polyarylate blended with 35
a thermoplastic polymer(s), the hydrolytic stability of
the polyarylate and polyarylate blend is improved.

DESCRIPTION OF THE INVENTION

According to the present invention there is provided 40
a molding composition comprising a blend of: |
(a) a polyarylate derived from a dihydric phenol and
at least one aromatic dicarboxylic acid,
(b) a polyester derived from an aliphatic or cycloali-

phatic diol and at least one aromatic dicarboxylic 45
acid,

(c) an epoxide, and optionally,

(d) at least one thermoplastic polymer.

The thermoplastic polymers suitable for use herein
inciude an aromatic polycarbonate, a styrene polymer, a
poly(alkyl acrylate), a polyurethane, a vinyl chloride
polymer, a poly(arylether), a copolyetherester block
polymer, or a polyhydroxyether |

The polyarylate is used in the blend in amounts of
from about 25 to about 90, preferably from about 50 to 55
about 80 weight percent; the polyester is used in
amounts of from about 10 to about 75, preferably from
about 20 to about 50 weight percent; the epoxide is used
in amounts of from about 0.1 to about 5.0, preferably
from about 0.2 to about 2.5 weight percent; and when
used, the thermoplastic polymer in amounts of from

about 5 to about 50, preferably from about 10 to about
35 weight percent. -
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Polyarylates

The polyarylates of this invention are derived from a

dihydric phenol and at least one aromatic dlcarbexyhc
acid. |

60
- polyarylate, wherein the improvement comprises re-
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A vparticularly desirable dihydric phenol is of the
following formula:

(Y): (Y,

HO OH

(R)

wherein Y is selected from alkyl groups of 1 to 4 carbon
atoms, chlorine or bromine, each z, independently, has
a value of from 0 to 4, inclusive, and R’ is a divalent
saturated or unsaturated aliphatic hydrocarbon radical,
particularly alkylene and alkylidene radicals having
from 1 to 3 carbon atoms, and cycloalkylene or cy-
cloalkylidene radicals having up to and including 9
carbon atoms. The preferred dihydric phenol is bisphe-
nol A. The dihydric phenols may be used individually
or in combination.

The aromatic dicarboxylic acids that may be used in
this invention include terephthalic acid, isophthalic
acid, any of the naphthalene dicarboxylic acids and
mixtures thereof, as well as alkyl substituted homologs
of these carboxylic acids, wherein the alkyl group con-
tains from 1 to about 4 carbon atoms, and acids contain-
ing other inert substituents, such as halides, alkyl or aryl
ethers, and the like. Preferably, mixtures of isophthalic
and terephthalic acids are used. The isophthalic acid to
terephthalic acid ratio in the mixture is about 20:80 to
about 100:0, while the most preferred acid ratio is about
735:25 to about 50:50. Also, from about 0.5 to about 20
percent of aliphatic diacids containing from 2 to about
10 carbon atoms, such as adipic acid, sebacic acid, and
the like may be additionally used in the polymerization
reaction.

The polyarylates of the present inventton can be
prepared by any of the well known prior art polyester
forming reactions, such as the reaction of the acid chlo-
rides of the aromatic dicarboxylic acids with the dihy-
dric phenols; the reaction of the diaryl esters of the
aromatic dicarboxylic acids with the dihydric phenols;
or the reaction of the aromatic diacids with diester
derivatives of the dihydric phenol. These processes are
described in, for example, U.S. Pat. Nos. 3,317,464;
3,948,856; 3,780,148; 3,824,213 and 3,133,898.

Preferably, the polyarylates used in this invention are

prepared by the process described in U.S. patent appli-
cation Ser. No. 189,561, filed Sept. 23, 1980, in the

names of L. M. Maresca, et al. and titled “Improved
Process For Preparing Polyarylates”.

This application describes an improved process for
preparing a polyarylate having a reduced viscosity of
from about 0.5 to greater than 1.0 dl/gm which process
comprises the following steps:

(a) reacting an acid anhydride derived from an acid
containing from 2 to 8 carbon atoms with at least one
dihydric phenol to form the corresponding diester; and

(b) reacting said diester with at least one aromatic
dicarboxylic acid at a temperature sufficient to form the

moving residual acid anhydride, after formation of the

dihydric phenol diester, so that its concentration is less

than about 1500 parts per million.

Polyesters

‘The polyesters which are suitable for use herein are
derived from  an aliphatic or cycloaliphatic diol, or
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mixtures thereof, containing from 2 to about 10 carbon
atoms and at least one aromatic dicarboxylic acid. The
polyesters which are derived from an aliphatic diol and
an aromatic dicarboxylic acid have repeating units of
the following general formula:

O .
—O—(CHy),~0OC

wherein n 1s an integer of from 2 to 4.
- The preferred polyester is poly(ethylene terephthal-
ate).

Also contemplated herein are the above polyesters
with minor amounts, e.g., from 0.5 to about 2 percent by
weight, of units derived from aliphatic acids and/or

(D

CH,—CH>

/
OCH,CH

AN
CHy=—CH>

aliphatic polyols, to form copolyesters. The aliphatic
polyols include glycols, such as poly(ethylene glycol).
These can be made following the teachings of, for ex-
ample, U.S. Pat. Nos. 2,465,319 and 3,047,539.

The polyesters which are derived from a cycloali-
phatic diol and an aromatic dicarboxylic acid are pre-
pared by condensing either the cis- or trans-isomer (or
mixtures thereof) of, for example, 1,4-cyclohexanedime-
thanol with an aromatic dicarboxylic acid so as to pro-
duce a polyester having recurring units of the following
formula:

CH>;—CH» O
/ \ I
O—CH»—CH CH—CH>—0O—C
AN /
CH>—CH,
CH,—CH; 0 0 (D)
/ \ { |
—O~CH,CH CH—CH;— 00~ (C—R—C—
AN /
CH,—CH>

wherein the cyclohexane ring is selected from the cis-
and trans-isomers thereof and R represents an aryl radi-
cal containing 6 to 20 carbon atoms and which is the
decarboxylated residue derived from an aromatic dicar-
boxylic acid.

Examples of aromatic dicarboxylic acids indicated by
R in formula II, are isophthalic or terephthalic acid,
1,2-di(p-carboxyphenyl)ethane, 4,4'-dicarboxydiphenyli
ether, etc., and mixtures of these. All of these acids
contain at least one aromatic nucleus. Fused rings can
also be present, such as in 1,4- or 1,5-naphthalenedicar-
boxylic acids. The preferred dicarboxylic acids are ter-
ephthalic acid or a mixture of terephthalic and iso-
phthalic acids.

A preferred polyester may be derived from the reac-
tion of either the cis- or trans-isomer (or a mixture
thereof) of 1,4-cyclohexanedimethanol with a mixture

3
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of 1sophthalic- and terephthalic acids. These polyesters
have repeating units of the formula:

{1IT)

CH,—CH3 0 ﬁ

. / \ [ L
"'O—CHQ_CH\ /CH_CHZ_O_C@

CH>—CH;

Another preferred polyester is a copolyester derived
from a cyclohexane dimethanol, an alkylene glycol and
an aromatic dicarboxylic acid. These copolyesters are
prepared by condensing either the cis- or trans-isomer
(or mixtures thereof) of, for example, 1,4-cyclohex-
anedimethanol and an alkylene glycol with an aromatic
dicarboxylic acid so as to produce a copolyester having
repeating units of the following formula:

(IV)

wherein the cyclohexane ring is selected from the cis-
and trans-isomers thereof, R is as previously defined, n
1s an integer of 2 to 4, the x units comprise from about
10 to about 90 percent by weight and the y units com-
prise from about 10 to about 90 percent by weight.

The preferred copolyester may be derived from the
reaction of either the cis- or trans-isomer (or mixtures
thereof) of 1,4-cyclohexanedimethanol and ethylene
glycol with terephthalic acid in a molar ratio of 1:2:3.
These copolyesters have repeating units of the follow-
ing formula:

0
{
C% ‘FO(CHg)z—-oc—O- C—0

wherein x and y are as previously defined.

The polyester as described herein are either commer-
cially available or can be produced by methods well
known 1n the art, such as those set forth in, for example,
U.S. Pat. No. 2,901,466.

The polyesters used herein have an intrinsic viscosity
of from about 0.4 to about 2.0 dl/g. as measured in a
60:40 phenol/tetrachloroethane mixture or similar sol-
vent at 23°-30° C.

The Epoxides

The epoxides which are suitable for use in this inven-
tion are of two general types. The first contains a plural-
ity of 1,2-epoxide groups derived from the reaction of a
polyfunctional active hydrogen containing compound
with an excess of an epihalohydrin under basic condi-
tions. These epoxides are called polyglycidyl com-
pounds. When the active hydrogen compound is a poly-
hydric alcohol or phenol, the resulting epoxide compo-
sition contains glycidyl ether groups. A preferred group
of polyglycidyl compounds are made via condensation
reactions with 2,2-bis-(4-hydroxyphenyl) propane, also
known as bisphenol A, and have structures such as the
following;:

(V)
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CH3
HQCT“/CH—CHZ“O—@— —@— CHz—CHﬂ-CHg—O@— —®7 CHg—CH—-CHz
CH3

where n has a value from greater than 0 to about 10.
These epoxides are bisphenol A epoxy resins. They are
available commercially under the trade names such as

“Epon 828,” “Epon 1004”, and “Epon 1010” from Shell

Chemical Co. and “DER 3317, “DER 332”, and “DER

334” from Dow Chemical Co. The most preferred bis-
phenol A epoxy resins have an “n” value between 0 and
2. | |

Other polyfunctional active hydrogen compounds
can be used to make polyglycidyl adducts suitable for
use in the practice of this invention. These include
amines, amino alcohols and polycarboxylic acids. Ad-
ducts derived from amines and amino phenols include
N, N-diglycidyl propylaniline, N, N, N’, N'-tetraglyci-
dyl-4,4’-diamino-diphenyl methane, N,N,N-triglycidyl-
4-aminophenol or N, N'-dimethyl-N,N'-diglycidyl 4,4'-
diamino-diphenylmethane.

Polyepoxides which are polyglycidyl esters of 4,4'-
dihydroxy diphenyl methane, 4,4’ dihydroxy dlphenyl
sulfone or tris (4-hydroxyphenyl) methane are useful in
this invention.

Also suitable for use herein are the glycidyl esters of
carboxylic acids. Such glycidyl esters include, for ex-
ample, diglycidyl phthalate and diglycidyl adipate.
Polyepoxides prepared from polyols such as penta-
erythritol, glycerol, butanediol or trimethylol propane
and an epihalohydrin are also useful. They may also be
used polyepoxides such as triglycidyl cyanurates and
isocyanurates, N,N-diglycidyl oxamides, N,N'-glycidyl
derivatives of hydantoins, diglycidyl esters of cycloali-
phatic dicarboxylic acids, and polyglycidyl thioethers
of polythiols.

Other epoxy-containing materials are copolymers of
acrylic acid esters of glycidol such as glycidyl acrylate
and glycidyl methacrylate with one or more copoly-
merizable vinyl compounds. Examples of such copoly-
mers are 1:1 styrene-glycidyl methacrylate, 1:1 methyl-
methacrylate-glycidyl acrylate and 62.5:24:13.5 methyl-
methacrylate: ethyl acrylate: glycidyl methacrylate.

Many suitable polyglycidy! compounds are available
commercially. In addition to the bisphenol A epoxy
resins mentioned above, these include 1,4-butanediol
diglycidyl ether (e.g., “Araldite RD-2” from Ciba-
Geigy Corporation), polyglycidyl ether of phenol-for-
maldehyde novolak (e.g., “DEN-431" and “DEN-438”
from Dow Chemical Co.), polyglycidyl ether of cresol
formaldehyde novolak (e.g., ECN-1273 from Ciba-
Geigy Corporation), N,N’-diglycidyl derivative of di-
methyl hydantion (e.g., XB-2793 from Ciba Geigy Cor-
poration), resorcinol diglycidyl ether (e.g., Kopoxite
from Koppers Co., Inc), and a methylolated bisphenol
A epoxy resin (e.g., Apogen 101 made by Schaefer
Chemical Co.). |

A preferred class of epoxides suitable for use herein
are the cycloaliphatic epoxides. '

Hlustrative of suitable cycloaliphatic epoxides are thel
following:

FORMULA 1

Diepoxides of cycloaliphatic esters of dlcarboxyllc
acids having the formula:
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| Y3 Y3
Yaq ﬁ’ ﬁ) Y4 Y1
CHyO—CYC—0OCH,
' O
Y5 Ys
-  Yg Yg Yo
Yy Y7 Y7 Yy

wherein Y1 through Y9, which can be the same or dif-
ferent are hydrogen or alkyl radicals generally contain-
Ing one to nine carbon atoms inclusive and preferably
containing one to three carbon atoms inclusive as, for
example, methyl, ethyl, n-propyl, n-butyl, n-hexyl, 2-
ethylhexyl, n-octyl, n-nonyl and the like; Y is a valence
bond or a divalent hydrocarbon radical generally con-
taining one to nine carbon atoms inclusive and prefera-
bly containing four to six carbon atoms inclusive, as for

example, alkylene radicals, such as trimethylene, tetra-

methylene, pentamethylene, hexamethylene, 2-ethyl-
hexamethylene, octamethylene, nonamethylene, and
the like; cycloaliphatic radicals, such as 1,4-cyclohex-
ane, 1,3-cyclohexane, 1,2-cyclohexane, and the like.
Particularly desirable epoxides, falling within the
scope of Formula I, are those wherein Y] through Yo
are hydrogen and Y is alkylene containing four to six
carbon atoms.
Among specitic diepoxides of cycloaliphatic esters of
dicarboxylic acids are the following: -
bis(3,4-epoxycyclohexylmethyl)oxalate,
bis(3,4-epoxycyclohexylmethyladipate,
bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate,
bis(3,4- epoxycyclohexylmethyl)plmelate, and
like.

Other suitable compounds are described in U.S. Pat.
No. 2,750,395 to B. Phillips et al.

FORMULA II

A 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane
carboxylate having the formula:

the

wherein Y! through Y® which can be the same or differ-
ent are as defined for Y; in Formula I. Particularly
desirable compounds are those wherem Y! through Y?*
are hydrogen.

Among specific compounds fallmg within the scope
of Formula II are the following: 3,4-epoxycyclohexyl-

methyl, 3,4-epoxycyclohexanecarboxylate; 3,4-epoxy-

1-methylcyclohexylmethyl,
clohexylcarboxylate;  6-methyl-3,4-epoxycyclohexyl-
methyl,  6-methyl-3,4-epoxycyclohexanecarboxylate;
3,4-epoxy-3-methylcyclohexylmethyl, 3,4-epoxy-3-
methylcyclohexanecarboxylate; - 3,4-epoxy-5-methyl-

3,4-epoxy-1-methylcy-
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cyclohexylmethyl, 3,4-epoxy-S-methylcyclo-hex-
anecarboxylate. O
Other suitable compounds are described in U.S. Pat. c'{lz—-\f CH,

No. 2,890,194 to B. Phillips et al.

FORMULA III
Diepoxides having the formula:

Y’y

Y'3

Ys Y Y's

wherein the Y single and double primes, which can be
the same or different, are monovalent substituents such
as hydrogen, halogen, i.e., chlorine, bromine, iodine or
fluorine, or monovalent hydrocarbon radicals, or radi-
cals as further defined in U.S. Pat. No. 3,318,882 to

Hans Batzer et al, issued May 9, 1967.
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Particularly desirable compounds are those wherein

all the Y’s are hydrogen.
Other suitable cycloaliphatic epoxides are the follow-

ing:

CH;—O~—CH;~CH—CH,
\0/

The preferred cycloaliphatic epoxides are the follow-
ing:

3,4-Epoxycyclohexylmethyl-3,4-Epoxycyclohexane
carboxylate

O

| |

C-—-0—CH>
Bis-(3,4-Epoxycyclohexylmethyl)Adipate
- J U

2-(3,4-Epoxycyclohexyl-5,5-spiro-3,4-epoxy)cy-
clohexane-meta-dioxane

LT

Yinyl cyclohexane dioxide

O

O
| [
CHy—0—C—C4Hg—C—0~CHj
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Thermoplastic Polymers

The thermoplastic polymers suitable for use in this
invention are selected from the group consisting of an
aromatic polycarbonate, a styrene polymer, a poly(alkyl
acrylate) polymer, a polyurethane, a vinyl chloride
polymer, a poly(ary! ether), a copolyetherester block
polymer, a polyhydroxyether, or combinations thereof,

A. Aromatic Polycarbonate

The thermoplastic aromatic polycarbonates that can
be employed herein are homopolymers and copolymers
and mixtures thereof, which have an intrinsic viscosity
of from about 0.4 to about 1.0 dl./g. as measured in
methylene chloride at 25° C. The polycarbonates are
prepared by reacting a dihydric phenol with a carbon-
ate presursor. Typical of some of the dihydric phenols
that may be employed are bisphenol-A, bis(4-hydroxy-
phenyl)methane, 2,2-bis(4-hydroxy-3-methylphenyl)-
propane, 4,4-bis(4-hydroxyphenyl)heptane, 2-2-
(3,5,3',5"-tetrabromo-4,4’-dihydroxydiphenyl)propane,
(3,3'-dichloro-4,4'-dihydroxydiphenyl)methane, and the
like. Other dihydric phenols of the bisphenol type are
described in, for example, U.S. Pat. Nos. 2,999,835,
3,028,365 and 3,334,154.

It 1s, of course, possible to employ two or more differ-
ent dihydric phenols or a copolymer of a dihydric phe-
nol with a glycol or with hydroxy or acid terminated
polyesters, or with a dibasic acid in the event a carbon-
ate copolymer or inter-polymer rather than a homopol-
ymer 18 desired for use in the preparation of the aro-
matic carbonate polymer.

The carbonate precursor may be either a carbonyl
halide, a carbonate ester, or a haloformate. The car-
bonyl halides which can be employed herein are car-
bonyl bromide, carbonyl chloride and mixtures thereof.
Typical of the carbonate esters which may be employed

herein are diphenyl carbonate, di-(halophenyl)carbon-

ates, such as di-(chlorophenyl)carbonate or di-(bromo-
phenyl)carbonate, etc., di-(alkylphenyl)carbonates such
as di(tolyl)carbonate, di(naphthyl)carbonate, di(-
chloronaphthyl)carbonate, etc. or mixtures thereof.
The haloformates suitable for use herein include bis-
haloformate or dihydric phenols for example, bischloro-
formates of bisphenol-A, of hydroquinone, etc. of gly-
cols for example, bishaloformates of ethylene glycol,
neopentyl glycol, polyethylene glycol, etc. While other
carbonate precursors will be apparent to those skilled in
the art, carbonyl chloride, also known as phosgene, is
preferred.

The aromatic polycarbonate polymers may be pre-
pared by methods well known in the art by using phos-
gene or a haloformate and by employing a molecular
weight regulator, an acid acceptor and a catalyst. The
molecular weight regulators which can be employed in
carrying out the process include monohydric phenols,
such as phenol, para-tertiary-butylphenol, para-bromo-
phenol, primary and secondary amines, etc. Preferably,
a phenol is employed as the molecular weight regulator.
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A suitable acid acceptor may be either an organic or
an inorganic acid acceptor. A suitable organic acid
acceptor 1s a tertiary amine and includes materials, such
as pyridine, triethylamine, dimethylaniline, tributyl-
amine, etc. The inorganic acid acceptor may be one
which can be either a hydroxide, a carbonate, a bicar-
bonate, or a phosphate of an alkali or alkaline earth
metal.

The catalysts which are employed herein can be any
of the suitable catalysts that aid the polymerization of,
for example, bisphenol-A with phosgene. Suitable cata-
lysts include tertiary amines, such as triethylamine,
tripropylamine, N,N-dimethlaniline, quaternary ammo-
nium compounds, such as tetracthylammonium bro-
mide, cetyl triethyl ammonium bromide, tetra-n-hep-
tylammonium iodide, and quaternary phosphonium
compounds, such as n-butyltriphenyl-phosphonium
bromide and methyl-triphenyl phosphonium bromide.

The polycarbonates can be prepared in a one-phase
(homogeneous solution) or two-phase (interfacial) sys-
tems when phosgene or a haloformate are used. Bulk

10
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reactions are possible when the diarylcarbonate precur-

sors are used.

Also, aromatic polyester carbonates may be used.
These are described in, for example, U.S. Pat. No.
3,169,121, The preferred polyester carbonate results
from the condensation of phosgene, terephthaloy! chlo-
ride, isophthaloyl chloride with bisphenol A and a small
amount of p-tertbutylphenol.

B. Styrene Resin

The styrene resins suitable for use herein are ABS

type polymers, the molecules of which contain two or
more polymeric parts of different compositions that are
bonded chemically. The polymer is preferably prepared
by polymerizing a conjugated diene, such as butadiene
or a conjugated diene with a monomer copolymerizable
therewith, such as styrene, to provide a polymeric back-
bone. After formation of the backbone, at least one
grafting monomer, and preferably two, are polymerized
in the presence of the prepolymerized backbone to ob-
tain the graft polymer. These resins are prepared by
methods well known in the art.

The backbone polymer, as mentioned, is preferably a
conjugated diene polymer such as polybutadiene, poly-
Isoprene, or a copolymer, such as butadiene-styrene,
butadiene-acrylonitrile, or the like.

The specific conjugated diene monomers normally
utilized in preparing the backbone of the graft polymer
are generically described by the following formula:

X X X

X
AN B 4
C=C=C=C
/ N\
X X

wherein X is selected from the group consisting of hy-
drogen, alkyl groups containing from one to five carbon
atoms, chlorine or bromine. Examples of dienes that
may be used are butadiene, isoprene, 1,3-heptadiene,
methyl-1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2-
ethyl-1,3-pentadiene: 1,3- and 2,4-hexadienes, chloro
and bromo substituted butadienes such as di-
chlorobutadiene, bromobutadiene, dibromobutadiene,
mixtures thereof, and the like. A preferred conjugated
diene is butadiene.

One monomer or group of monomers that may be
polymerized in the presence of the prepolymerized
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10
backbone are monovinylaromatic hydrocarbons. The

monovinylaromatic monomers utilized are generically
described by the following formula:

X
X X
|/

X C=

\_

X X X

X

wherein X is as previously defined. Examples of the
monovinylaromatic compound and alkyl-, cycloalkyl-,
aryl-, alkaryl-, aralkyl-, alkoxy-, aryloxy-, and other
substituted vinylaromatic compounds include styrene,
3-methylstyrene; 3,5-diethylstyrene, 4-n-propylstyrene,
a-methylstyrene, a-methyl vinyltoluene, a-chlorosty-
rene, a-bromostyrene, dichlorostyrene, dibromosty-
rene, tetra-chlorostyrene, mixtures thereof, and the like.
The preferred monovinylaromatic hydrocarbons used
are styrene and/or a-methylstyrene.

A second group of monomers that may be polymer-
ized in the presence of the prepolymerized backbone
are acrylic monomers such as acrylonitrile, substituted
acrylonitrile and/or acrylic acid esters, exemplified by
acrylonitrile, and alkyl acrylates such as ethyl acrylate
and methyl methacrylate. The acrylonitrile, substituted
acrylonitrile, or acrylic acid esters are described generi-
cally by the following formula:

X
AN
C=C—Y
/
X

wherein X is as previously defined and Y is selected
from the group consisting of cyano and carbalkoxy
wherein the alkoxy group of the carbalkoxy contains
from one to about twelve carbon atoms. Examples of
such monomers include acrylonitrile, ethacrylonitrile,
methacrylonitrile, a-chloroacrylonitrile, B-chloroa-
crylonitrile, a-bromoacrylonitrile, and B-bromoa-
crylonitrile, methyl acrylate, methyl methacrylate,
ethyl acrylate, butyl acrylate, propyl acrylate, isopropyl
acrylate, and mixtures thereof. The preferred acrylic
monomer is acrylonitrile and the preferred acrylic acid
esters are ethyl acrylate and methyl methacrylate.

In the preparaton of the graft polymer, the conju-
gated diolefin polymer or copolymer exemplified by a
1,3-butadiene polymer or copolymer comprises about
50% by weight of the total graft polymer composition.
The mononers polymerized in the presence of the back-
bone, exemplified by styrene and acrylonitrile, com-
prise from about 40 to about 95% by weight of the total
graft polymer composition. |

The second group of grafting monomers, exemplified
by acrylonitrile, ethyl acrylate or methyl methacrylate,
of the graft polymer composition, preferably comprise
from about 10% to about 40% by weight of the total
graft copolymer composition. The monovinylaromatic
hydrocarbon exemplified by styrene comprise from
about 30 to about 70% by weight of the total graft
polymer composition. | |

In preparing the polymer, it is normal to have a cer-
tain percentage of the polymerizing monomers that are
grafted on the backbone combine with each other and
occur as free copolymer. If styrene is utilized as one of
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the grafting monomers and acrylonitrile as the second
grafting monomer, a certain portion of the composition
will copolymerize as free styrene-acrylonitrile copoly-
mer. In the case where a-methylstyrene (or other mon-
omer) 1s substituted for the styrene in the composition
used in preparing the graft polymer, a certain percent-
age of the composition may be an a-methylstyrene-
acrylonitrile copolymer. Also, there are occasions
where a copolymer, such as a-methylstyrene-acryloni-
trile, 1s added to the graft polymer copolymer blend.
When the graft polymer-copolymer blend is referred to
herein, it is meant optionally to include at least one
copolymer blended with the graft polymer composition
and which may contain up to 90% of free copolymer.

Optionally, the elastomeric backbone may be an acry-
late rubber, such as one based on n-butyl acrylate,
ethylacrylate, 2-ethylhexylacrylate, and the like. Addi-
tionally, minor amounts of a diene may be copolymer-
1zed in the acrylate rubber backbone to yield improved
grafting with the matrix polymer. |

These resins are well known in the art and many are
commercially available.

C. Poly(Alkyl Acrylate) Resin

The poly(alkyl acrylate) resin which may be used
herein includes a homopolymer of methyl methacrylate
(l.e., polymethyl methacrylate) or a copolymer of
methyl methacrylate with a vinyl monomer (e.g., acry-
lonitrile, N-allylmaleimide, or N-vinyl maleimide), or
an alkyl acrylate or methacrylate in which the alkyl
group contains from 1 to 8 carbon atoms, such as
methyl acrylate, ethyl acrylate, butyl acrylate, ethyl
methacrylate and butyl methacrylate. The amount of
methyl methacrylate i1s greater than about 709 by
weight of this copolymer resin.

The alkyl acrylate resin may be grafted onto an unsat-
urated elastomeric backbone, such as polybutadiene,
polyisoprene, and/or butadiene or isoprene copoly-
mers. In the case of the graft copolymer, the alkyl acry-
late resin comprises greater than about 50 weight per-
cent of the graft copolymers.

These resins are well known in the art and are com-
mercially available.

The methyl methacrylate resins have a reduced vis-
cosity of from 0.1 to about 2.0 di/g in a one percent
chloroform solution at 25° C.

D. Polyurethanes

The thermoplastic polyurethanes which may be used
herein are described in, for example, U.S. Pat. No.
3,214,411. Particularly useful polyester resins used as
starting materials for the thermoplastic polyurethanes
are those produced from adipic acid and a glycol having
at least one primary hydroxyl group. The adipic acid is
condensed with a suitable glycol or mixture of glycols
which have at least one primary hydroxyl group. The
condensation i1s stopped when an acid number of from
about 0.5 to about 2.0 is reached. The water formed
during the reaction is removed such that the final water
content 1s from about 0.01 to about 0.2%.

Any suitable glycol may be used in the reaction with
the adipic acid such as, ethylene glycol, propylene gly-
col, butylene glycol, hexanediol, bis-(hydroxymethyl-
cyclohexane), 1,4-butanediol, diethylene glycol, 2,2-
dimethyl propylene glycol, 1,3-propylene glycol, and
the like. In addition to the glycols, a small amount of
trihydric alcohol of up to about 1% may be used, such
as trimethylolpropane, glycerol, hexanetriol, and the
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like. The resulting hydroxyl polyester has a molecular
welght of at least about 600, a hydroxyl number of from
about 25 to about 190 and preferably between about 40
and about 60, and acid number of between about 0.5 and
about 2 and a water content of 0.01 to about 0.2%.

The diisocyanates which may be used in preparing
the polyurethanes include ethylene diisocyanate, ethyli-
dene diisocyanate, propylene diisocyanate, butylene
diisocyanate, cyclopentylene-1,3-diisocyanate, cy-
clohexylene-1,4-diisocyanate, cyclohexylene-1,2-
diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene
diisocyanate, 2,2'-diphenylmethane diisocyanate, 2,2-
diphenylpropane-4,4'diisocyanate, p-phenylene diisocy-
anate, m-phenylene diisocyanate, xylylene diisocyanate,
1,4-naphthylene diisocyanate, 1,5-naphthylene diisocya-
nate, diphenyl-4,4'-diisocyanate, azobenzene-4,4'-
diisocyanate, diphenyl sulfone-4,4'-diisocyanate, di-
chlorohexamethylene diisocyanate, pentamethylene
diisocyanate, 1-chlorobenzene-2,4-diisocyanate, furfu-
rylidene diisocyanate, and the like.

Any suitable chain extending agent having active
hydrogen containing groups reactive with isocyanate
groups may be used, such as diols, including ethylene
glycol, propylene glycol, 1,4-butanediol, butenediol,
butynediol, xylylene glycols, amylene glycols, 1,4-phe-
nylene-bis-B-hydroxy ethyl ether, 1,3-phenylene-bis-S-
hydroxy ethyl ether, bis-(hydroxy-methyl-cyclohex-
ane), hexanediol, and the like; diamines, including ethyl-
ene diamine, cyclohexylene diamine, phenylene di-
amine, tolylene diamine, xylylene diamine, 3,3'-
dichlorobenzidine, 3,3'-dinitrobenzidine and the like:
alkanol amines such as ethanol amine, aminopropyl
alcohol, 2,2-dimethyl propanol amine, 3-aminocy-
clohexyl alcohol, p-aminobenzyl alcohol, and the like.

If desired, a small amount of polyfunctional material
may be utilized. This polyfunctional chain extender,
however, should not be present in an amount greater
than about 1% by weight. Any suitable polyfunctional
compound may be used in such as glycerol, trimethylol-
propane, hexanetriol, pentaerythritol, and the like.

The polyester, the organic diisocyanate and the chain
extender may be individually heated to a temperature of
from about 60° to about 135° C. and then the polyester
and chain extender are substantially simultaneously
mixed with the diisocyanate. To increase the rate of
reaction, any suitable catalyst may be used, such as
tertiary amines and the like. Although adipate polyes-
ters are preferred, polyesters may be used which are
based on succinic acid, suberic acid, sebacic acid, oxalic
acid, methyl adipic acid, glutaric acid, pimelic acid,
azelaic acid, phthalic acid, terephthalic acid, isophthalic
acid and the like. Polyesters based on e-caprolactone
are also preferred.

A polyether may be used instead of the polyester in
the preparation of the thermoplastic polyurethanes and
preferably, polytetramethylene glycol having an aver-
age molecular weight between about 600 and about
2000. Other polyethers, such as polypropylene glycol,
polyethylene glycol and the like may be used providing

60 their molecular weight is above about 600.
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The thermoplastic polyurethanes are described in, for
example, U.S. Pat. Nos. 2,621,166, 2,729,618, 3,214,411,
2,778,810 and 3,012,992,

E. Vinyl Chloride Polymers

The vinyl chloride polymers suitable for use herein
are polyvinyl chloride and and copolymers of vinyl
chloride with olefinically unsaturated polymerizable
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compounds which contain at least 80 percent by weight
of vinyl chloride incorporated therein. |

Olefinically unsaturated compounds which are suit-
able for copolymerization include vinylidene halides,
such as vinylidene chloride and vinylidene fluoride,
viny!l esters, such as vinyl acetate, vinyl propionate,
vinyl butyrate, vinyl chloroacetate, vinyl benzoate,
acrylate and a-alkyl-acrylate and their alkyl esters,
amides and nitriles, methacrylic acid, maleic acid or
anhydride, methyl methacrylate, ethyl acrylate, 2-ethyl-
hexylacrylate, butyl methacrylate, 2-hydroxypropyl
acrylate, acrylamide, N-methyl acrylamide, acryloni-
trile and methacrylonitrile, aromatic vinyl compounds,
such as styrene and vinyl naphthalene and olefinically
unsaturated hydrocarbons such as ethylene, bicyclo-
[2,2,1])-hept-2-ene and bicyclo-[2,2,1]-hepta-2,5-diene.
Polymerized vinyl acetate may be hydrolyzed to pro-
vide vinyl alcohol moieties in the polymer.

These vinyl chloride polymers are well known in the
art and can be prepared by the usual methods of solu-
tion, emulsion, suspension, bulk or mass polymerization.

Vinyl chloride polymers which have molecular

weights of from about 40,000 to about 60,000 are pre-
ferred.

F. Poly(aryl ether)s

The poly(aryl ether) resin components suitable for
use herein are linear, thermoplastic polyarylene poly-
ether polysulfones, wherein the arylene units are inter-
spersed with ether and sulfone linkages. These resins
may be obtained by reaction of an alkali metal double
salt of a dihydric phenol and a dihalobenzenoid com-
pound, either or both of which contain a sulfone or
ketone linkage i.e., —SO;— or —CO— between aryl-
ene groupings, to provide sulfone or ketone units in the
polymer chain in addition to arylene units and ether
units. The polysulfone polymer has a basic structure
comprising recurring units of the formula:

LO—E—O—FE'1

wherein E 1s the residuum of the dihydric phenol and E’
1s the residuum of the benzenoid compound having an
inert electron withdrawing group in at least one of the
positions ortho and para to the valence bonds; both of
said residua are valently bonded to the ether oxygens
through aromatic carbon atoms. Such polysulfones are
included within the class of polyarylene polyether res-
ins described in U.S. Pat. Nos. 3,264,536, and 4,108,837,
for example. |

The residuum of a dihydric phenol, E is derived from
dinuclear phenols having the structure:

(1‘?-):' (i? l)rl
OH(Ar—R;—Ar)OH

Wherein Ar is an aromatic group and preferably is a
phenylene group, A and A may be the same or differ-
ent inert substitituent groups, such as alkyl groups hav-
ing from 1 to 4 carbon atoms, halogen atoms, i.e., fluo-
rine, chlorine, bromine or iodine, or alkoxy radicals
having from 1 to 4 carbon atoms, r and r; are integers
having a value of from 0 to 4, inclusive, and R is repre-
sentative of a bond between aromatic carbon atoms as in
dihydroxydiphenyl, or is a divalent radical, including,
for example, CO, O, S, S-S, SO; or a divalent organic
hydrocarbon radical, such as alkylene, alkylidene, cy-
cloalkylene, cycloalkylidene, or the halogen, alkyl,
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aryl, or substituted alkylene, alkylidene and cycloalkyl-
ene, and cycloalkylidene radicals as well as alkarylene
and aromatic radicals and a ring fused to both Ar
groups. ' .

Typical preferred polymers have recurring units hav-
ing the following structure:

(A)r (A1)r

as described in U.S. Pat. No. 4,108,837, supra. In the
foregoing formula A and A can be the same or different
Inert substituent groups as alkyl groups having from 1 to
4 carbon atoms, halogen atoms (e.g., fluorine, chlorine,
bromine or iodine) or alkoxy radicals having from 1 to
4 carbon atoms, r and rj are integers having a value of
from O to 4, inclusive. Typically, Ry is representative of
a bond between aromatic carbon atoms or a divalent
connecting radical and Rj represents sulfone, carbonyl,
or sulfoxide. Preferably, R represents a bond between
aromatic carbon atoms. Even more preferred are the
thermoplastic polysulfones of the above formula

wherein r and rj are zero, R is a divalent connection
radical of the formula

RH_C-_RH

wherein R” is selected from lower alkyl, aryl, and the

halogen substituted groups thereof, preferably methyl
and Rj 1s a sulfone group.

The poly(aryl ether)s have a reduced viscosity of
from about 0.4 to about 1.5 dl/g as measured in an ap-

propriate solvent t an appropriate temperature depend-

ing on the particular polyether, such as in methylene
chloride at 25° C.

The preferred poly(aryl ether)s have repeating units
of the formula:

to- OO

CH3

{0:—@—%}

CHj3

G. Copolyetherester Block Copolymer

The copolyetheresters suitable for use herein are well
known in the art and are described in, for example, U.S.

‘Pat. Nos. 3,784,520 and 3,766,146.

The polyester comprises a multiplicity of recurring
intralinear long chain and short chain ester units con-
nected head-to tail through ester linkages, said long

chain ester units being represented by the following
structure:
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——0GO—CR;3C—

and said short chain ester units being represented by the
following structure:
O O (b)
.
—0ODO—CR3C~

wherein G is a divalent radical remaining after removal
of terminal hydroxy groups from a poly(alkylene oxide)
glycol having a molecular weight of from about 400 to
about 3500; D is a divalent radical remaining after re-
moval of hydroxyl groups from a low molecular weight
diol having a molecular weight of less than about 250;
‘and Rj is a divalent radical remaining after removal of
carboxyl groups from a dicarboxylic acid having a mo-
lecular weight of less than about 300, with the proviso
that the short chain ester units constitute from about 25
to about 65% by weight of the copolyester, at least
about 70% of the R3 groups are 1,4-phenylene radicals,
at least about 70% of the D groups are 1,4-butylene
radicals, and the sum of the percentages of the Rj
groups which are not 1,4-phenylene radicals and of the
D groups which are not 1,4-butylene radicals do not
exceed about 30%.

The term “long chain ester units’ as applied to units
in a polymer chain refers to the reaction product of a
long chain glycol with a dicarboxylic acid. Such “long
chain ester units”, which are a repeating unit in the
copolyesters herein correspond to the Formula (a)
above. The long chain glycols may be poly(alkylene
oxide) glycols having a molecular weight between
about 400 and about 3500, preferably between about 600
and about 2000. Copolyesters prepared from poly(alky-
lene oxide) glycols having a molecular weight between
about 600 and about 2000 are preferred.

The term “short chain ester units” as applied to units
in a polymer chain refers to low molecular weight com-
pounds or polymer chain units having molecular weight
of less than about 550. They are made by reacting a low
molecular weight diol (below about 250) with a dicar-
boxylic acid to form ester units represented by Formula
(b) above. | |

Included among the low molecular weight diols
(other than 1,4-butanediol) which react to form short
chain ester units are acyclic, alicylic and aromatic dihy-
droxy compounds. Preferred are diols with from 2 to 15
carbon atoms, such as ethylene, propylene, isobutylene,
tetramethylene, pentamethylene, 2,2-dimethyl-
trimethylene, hexamethylene and decamethylene gly-
cols, dihydroxy cyclohexane, cyclohexanedimethanol,
resorcinol, hydroquinone, 1,5-dihydroxy naphthalene,
etc. Especially preferred are aliphatic diols containing
from 2 to 8 carbon atoms. Included among the bisphe-
nols which can be used are bis(p-hydroxy)diphenyl,
bis(p-hydroxyphenyl)methane, and bis(p-hydroxy-
phenyl)propane.

Dicarboxylic acids (other than terephthalic acid)
which are reacted with the foregoing long chain glycols
or low molecular weight diols to produce the copolyes-
ters are aliphatic, cycloaliphatic or aromatic dicarbox-
ylic acids.

Representative aliphatic and cycloaliphatic acids
which may be used are sebacic acid, 1,3-cyclohexane
dicarboxylic acid, 1,4-cyclohexane dicarboxylic acid,
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adipic acid, glutaric acid, succinic acid, carbonic acid,
cyclopentanedicarboxylic acid, @ decahydro-1,5-
naphthylene dicarboxylic acid and 4,4-bicyclohexyl
dicarboxylic acid. Preferred cycloaliphatic acids are
cyclohexane- dicarboxylic acids.

Representative aromatic dicarboxylic acids which

may be used are phthalic, terephthalic and isophthalic
acids, substituted dicarboxy compounds with two ben-

zene nuclel, such as bis(p-carboxyphenyl)methane and
p-carboxyphenyl/oxybenzoic acid. Among the aro-
matic acids, those with from 8 to 16 carbon atoms are
preferred, particularly the phenylene dicarboxylic
acids, i.e., terephthalic and isophthalic acids.

Preferably, at least about 70 mole percent of the di-
carboxylic acid incorporated into the polymer is tereph-
thalic acid and at least about 70 mole percent of the low
molecular weight diol incorporated into the polymer is
1,4-butanediol. Thus, at least 70% of the R3 groups in
Formulae (a) and (b) above are 1,4-phenylene radicals
and at least about 70% of the D groups in Formula b
above are 1,4-butylene radicals.

The most preferred copolyesters are those prepared
from dimethylterephthalate, 1,4-butanediol and poly(-
tetramethylene oxide) glycol having a molecular
weight of from about 600 to about 1500.

The copolyetheresters described herein can be made
conveniently by a conventional ester interchange reac-

tion by methods well known in the art and as described
in, for example, U.S. Pat. Nos. 3,784,520 and 3,766,146.

H. Polyhydroxyether

The thermoplastic polyhydroxyethers which may be
used herein have the following general formula:

- F—O—E"—Ol

where F is the radical residuum of a dihydric phenol,
E" i1s a radical residuum of an epoxide selected from
mono- and diepoxides and which contain from 1 to 2
hydroxyl groups, and n is an integer which represents
the degree of polymerization and is at least about 30 and
preferably is above about 80.

In general, thermoplastic polyhydroxyethers are pre-
pared by contacting, under polymerization conditions, a
dihydric phenol and an epoxide containing from 1 to 2
epoxide groups in substantially equimolar amounts by
methods well known in the art. -

Any dihydric phenol can be used in forming polyhy-
droxyethers. Illustrative dihydric phenols are
mononuclear dihydric phenols such as hydroquinone,
resorcinol, and the like as well as the polynuclear phe-
nols. The dihydric polynuclear phenols have the gen-
eral formula:

(Bi)al (Bll)al
Ho—[-Rz;—:l»Rs—Em‘—:]—OH

wherein R4 is an aromatic divalent hydrocarbon radical,
such as naphthylene and phenylene with phenylene
being preferred, B and By may be the same or different
and are selected from alkyl radicals, such as methyl,
n-propyl, n-butyl, n-hexyl, n-octyl and the like, prefera-
bly alkyl radicals having 1 to 4 carbon atoms; halogen
atoms, 1.e., chlorine, bromine, i1odine, or fluorine; or
alkoxy radicals such as methoxy, methoxymethyl, eth-
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oxy, ethoxyethyl, n-butyloxy, amyloxy and the like,
preferably an alkoxy radical having 1 to 4 carbon atoms,
a and aj are independently integers of 0 to 4, R’ is alkyl-
ene, alkylidene, cycloalkylene or a saturated divalent
group. Particularly preferred are dihydric polynuclear
phenols having the general formula:

(B)g (Bl)al

HO OH

wherein B, By, a and a; are as previously defined, and
Rg1s an alkylene or alkylidene group, preferably having
from 1 to 3 carbon atoms, cycloalkylene, or cycloalk-
ylidene having 6 to 12 carbon atoms.

Diepoxides useful for the preparation of polyhydrox-
yethers may be represented by repeating units of the
following formula

O O
/ \ / \
H—~C——C—R+—C—C—H

wherein R71s representative of a bond between adjacent
carbon atoms or a divalent organic radical such as an
aliphatic, aromatic, cyclic, heterocyclic or acyclic ar-
rangement of atoms. | |

Other diepoxides which can be mentioned include

those wherein two oxirane groups are linked through an
aromatic ether, 1.e., compounds having the grouping

C—0—W—0—(R§0)/—C—

wherein Rgis a divalent organic radical, W is a divalent
aromatic radical residuum of a dihydric phenol, such as
those listed above in the description of dihydric phe-
nols, and d is an integer from O to 1 inclusive.

Still other diepoxides include ethers wherein the oxi-
rane groups are connected to vicinal carbon atoms at
least one pair of which is a part of a cycloaliphatic
hydrocarbon.

These polyhydroxy ethers are prepared by methods
well known in the art, such as those described in, for
example, U.S. Pat. Nos. 3,238,087; 3,305,528; 3,294,747
and 3,277,051. |

Other Ingredients

Other additives may be included in the composition
of this invention. These additives include plasticizers;
pigments; flame retardant additives, particularly, deca-
bromodiphenyl ether and triaryl-phosphates, such as
triphenylphosphate; reinforcing agents, such as glass
fibers, thermal stabilizers; ultraviolet light stabilizers,
processing aids, impact modifiers and the like. The im-
pact modifiers which are particularly suitable for use
herein are described in U.S. Pat. No. 4,231,922. These
impact modifiers are a graft copolymer of a vinyl aro-
matic, an acrylate, an unsaturated nitrile, or mixtures
thereof, grafted onto an unsaturated elastomeric back-
bone and having a tensile modulus (as measured by

ASTM D-638, except that the test piece is compression

molded to a 20 mil thickness) of less than about 100,000
psi, and preferably from about 15,000 to less than about
100,000 psi.

The unsaturated elastomeric backbone may be poly-
butadiene, poly(butadiene-co-styrene), poly(butadiene-
coacrylonitrile), or poly(isoprene). In each of the poly-

18
mers there is sufficient butadiene to give the polymer a
rubbery character.

The constituents which are grafted onto the unsatu-
rated elastomeric backbone are selected from a vinyl
aromatic, such as styrene, a-methylstyrene, alkyisty-
rene, or mixtures thereof; an acrylate such as the acrylic
ester monomers, such as methyl acrylate, ethyl acrylate,

~butyl acrylate, methyl methacrylate, or mixtures
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thereof; an unsaturated nitrile such as acrylonitrile,
methacrylonitrile, or mixtures thereof. It will be under-
stood that the vinyl aromatic, acrylate and acrylonitrile
may be used individually or in any combinations in
grafting onto the unsaturated elastomeric backbone.

These impact modifiers are free-flowing powders and
are commonly available as impact modifiers for poly(vi-
nyl chloride) as described in, for example, V. Shakay-
pal, in “Developments in PVC Technology”, edited by
J. H. L. Hensen and A. Whelan, Applied Science Pub-
lishers L.td., New York, 1973.

The grafted constituents of the impact modifier com-
prise from about 20 to about 60 percent by weight of
said constituents such that their tensile modulus does
not exceed about 100,000 psi, and is preferably, between
about 15,000 to less than about 100,000 psi.

Preparation

The compositions of this invention are prepared by
any conventional mixing methods. For example, a pre-
ferred method comprises mixing the polyarylates, poly-
ester, epoxide and when used, the thermoplastic poly-
mer(s) in powder or granular form in an extruder and
extruding the mixture into strands, chopping the strands
into pellets and molding the pellets into the desired
article.

EXAMPLES

The following examples serve to give specific illus-
trations of the practice of this invention but they are not
intended in any way to limit the scope of this invention.

The following designations used in the Examples
have the followng meaning: |
Epoxy 1: 3,4-epoxycyclohexylmethyl-3,4-epoxycy-

clohexane carboxylate
Epoxy 2: bis(3,4-epoxycyclohexylmethyl)adipate
Epoxy 3: Diglycidyl ether of bisphenol A
PA: polyarylate |
PET: poly(ethylene terephthalate)

Control A

80 weight percent of a polyarylate (preparing from
bisphenol A and a mixture of 50 mole percent of tereph-
thalic acid chloride and 50 mole percent of isophthalic
acid chloride by conventional methods) having a re-
duced viscosity of 0.66 as measured in p-chlorophenol
at 49° C., and 20 weight percent of a poly(ethylene
terephthalate) having an intrinsic viscosity of 0.64 as
measured in 60:40 phenol/tetrachloroethane at 23° C.
were blended in an extruder at about 300° C. The mix-
ture was then injection molded at 290°-320° C. into
ASTM test specimens. The test specimens were tested

for the following physical properties: Tensile modulus,
tensile strength, and elongation according to ASTM

D-638 and notched izod impact strength according to
ASTM D-256.

The melt stability of the polymer was measured in a
Tinius Olsen thermodyne (melt flow cell) at 300° C. The
polymer was added to the preheated (300° C.) chamber
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of the thermodyne and put under a constant pressure of
44 psi. After 10 and 30 minutes at 300° C., samples of the
polymer were taken by allowing the polymer to flow

20

The blend was injection molded and tested by the
procedure as described in Control A.
The results are shown in Table 1.

TABLE |
Description of the Tensile  Tensile Notched Izod
| Composition modulus strength  Elongation Impact Strength MF 10
Example Additives wt. % (pst) (psi) o (ft.-lbs./in. of notch) (dg/min) MF30/MFig
Control
A PA 80 - 332,000 9,790 80.8 2.5 3.0 [.2
PET 20
1 PA (80)
} 99 356,000 9,930 46.7 1.9 0.63 4.9
PET (20)
Epoxy 1 i
2 PA (80)
} 99 369,000 9,890 43.3 2.1 0.86 1.8
PET (20)
Epoxy 2 I
3 PA (80)
} 49.75
PET (20)
364,000 9,880 96.7 1.6 — —
PA (60)
} 49.75
PET (40)
Epoxy 3 0.50
freely from the bottom of the cavity.
Control B

The stability criteria is based on the change in MFjo
over the control value, and the magnitude of the

MF;30/MF 10 ratio.
The results are shown in Table 1.

EXAMPLE 1

- 99 weight percent of the mixture of Control A was
- blended with 1 weight percent of Epoxy 1 by the proce-
dure and under the conditions described in Control A.
The blend was then injection molded and tested by the
procedure as described in Control A.
‘The results are shown in Table 1.

EXAMPLE 2

99 weight percent of the mixture of Control A was
blended with 1 weight percent of Epoxy 2 by the proce-
dure and under the conditions described in Control A.
The blend was then injection molded and tested by the
procedure as described in Control A.

The results are shown in Table 1.

EXAMPLE 3

49.75 weight percent of the mixture of Control A was
blended with 49.75 weight percent of a mixture of 60
percent polyarylate (as described in Control A) and 40
percent of poly(ethylene terephthalate); and 0.50
weight percent of Epoxy 3 by the procedure and under
the conditions described in Control A. The addition of
the 49.75 weight percent mixture of polyarylate and
polyethylene terephthalate) was necessary in order to
reduce the viscosity of the polyarylate and Epoxy 3
mixture.
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The ingredients described in Control A were blended
and 1njection molded into test specimens as described in
Control A. The test specimens were then immersed in
water at 100° C. Samples were tested after 36, 70, 97,
167 hours of exposure for the following physical prop-
erties: Tensile modulus, tensile strength and elongation
according to ASTM D-638 and notched izod impact
strength according to ASTM D-256.

The results are shown in Table II.

EXAMPLE 4

The ingredients described in Example 1 were blended
and injection molded into test specimens as described in
Control A. The test specimens were then immersed in
water at 100° C. and tested by the procedure as de-
scribed in Control B.

The results are shown in Table II.

EXAMPLE 5

The ingredients described in Example 2 were blended
and injection molded as described in Control A. The
test specimens were then immersed in water at 100° C.
and tested by the procedure as described in Control B.

The results are shown in Table II.

EXAMPLE 6

The ingredients described in Example 3 were blended
and injection molded as described in Control A. The
test specimens were then immersed in water at 100° C.
and tested by the procedure as described in Control B.

The results are shown in Table II.

TABLE II
Description of the | Tensile  Tensile Notched Izod
Composition Hours of exposure  modulus Strength  Elongation Impact Strength
Example Additive wt. %  in water at 100° C. (psi) (psi) (%) (ft.-1bs./in. of notch)
Control

B PA 80 0 332,000 9,790 80.8 2.5
PET 20 36 390,000 7,680 2.75 1.2
70 334,000 4,320 1.32 1.3
97 363,000 2,840 0.93 N.3
167 382,000 1,420 0.38 —_—
4 PA. (80) 0 369,000 9,930 46.7 1.9
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TABLE II-continued
Description of the | Tensile  Tensile Notched 1zod
Composition Hours of exposure  modulus Strength  Elongation Impact Strength
Example Additive wt. %  in water at 100° C. (psi) (psi) (%) (ft.-1bs./in. of notch)
99 36 396,000 10,500 6.5 1.6
PET (20) 70 344,000 9,600 4.6 1.4
Epoxy 1 ] 97 340,000 6,940 2.3 0.5
167 390,000 4,070 0.95 —
5 PA (80) 0 356,000 9,890 43.3 1.8
} 99 36 371,000 9,860 12.5 1.4
PET (20) 70 345,000 6,160 1.9 1.3
Epoxy 2 1 57 364,000 5,070 - 1.5 . 0.5
| 167 404,000 2,060 0.55 —
6 PA (80) 0 364,000 9,880 96.7 1.6
} 49.735 |

PET (20) 36 406,000 11,200 13.3 1.3
PA (60) 70 353,000 11,300 7.4 1.2

) 49.75 | -
PET (40) 97 367,000 10,600 3.5 1.0
Epoxy 3 0.50 167 417,000 3,320 0.90 —

The data in Table II clearly show that the epoxy
containing polyarylate blends have improved retention
of tensile strength, elongation at break, and notched
impact strength as compared to the control. The addi-
tion of a polyester (e.g., PET) to polyarylate is neces-
sary as the melt processing temperature, typical for
unblended polyarylate exceeds the thermal stability of

the epoxy. The following example illustrates this behav-
10T.

Control C

The melt flow data after 10 and 30 minutes of pol-
yarylate (prepared from the diacetate of Bisphenol A
and a mixture of 50 mole percent of terephthalic acid
and 50 mole percent of isophthalic acid) having a re-
duced viscosity of 0.66 (measured as described in Con-
trol A) were measured in a Tinius Olsen melt flow cell
preheated at 375° C. at a constant pressure of 44 psi.

‘The data are listed in Table III.

EXAMPLE 7

A mixture of 99.5 wt. percent of the polyarylate de-
scribed in Control C and 0.5 wt. percent of Epoxy 3 was
prepared at 300°-320° C. in a 1 inch diameter single
screw extruder. The melt flow results were measured

under 1dentical conditions as described in Control C.
The results are shown in Table III.

TABLE II1
Description of the
Composition MFio

Example Additives wt. % (dg/Min) MF30/MF 0
Control

C PA 100 17.1 2.01

7 PA 99.5 57.9 7.14

Epoxy 3 0.5 |

The data in Table I1I demonstrate that the addition of
an epoxy compound to a polyarylate causes a drastic
lowering of the molecular weight during processing
along with a significantly less stable product than the
unmodified control. The resultant color and properties
of the epoxy modified polyarylate are significantly
poorer than the control. Thus, the benefit of the addi-
tion of epoxy to polyarylate only occurs with the simul-
taneous addition of a polyester to lower the required
processing temperatures.

What is claimed 1is: |

1. A molding composition comprlsmg a blend of:
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(a) from about 25 to about 90 -weight percent of a
polyarylate derived from a dihydric phenol and an
aromatic dicarboxylic acid,
(b) from about 10 to about 75 weight percent of a
polyester derived from an aliphatic or cycloali-
phatic diol and at least one aromatic dicarboxylic
acid, and
(c) from about 0.1 to about 5.0 welght percent of an
epoxide having at least two epoxy groups per mole-
cule and selected from the group consisting of
1. Polyglycidyl ethers and esters of a polyhydric
phenol or other active hydrogen containing
compounds

2. Cycloaliphatic epoxides, and

3. Copolymers of glycidyl acrylate or glycldyl
methacrylate and mixtures thereof.

2. A composition as defined in claim 1 wherein the

dihydric phenol is of the formula:

), (Y):

- HO (R')o= OH

wherein Y is selected from alkyl groups of 1 to 4 carbon
atoms, chlorine or bromine, each z, independently, has
a value of from 0 to 4, inclusive, and R’ is a divalent
saturated or unsaturated aliphatic hydrocarbon radical
selected from alkylene and alkylidene radicals having
from 1 to 3 carbon atoms, and cycloalkylene or cy-
cloalkylidene radicals having up to and including 9
carbon atoms.

3. A composition as defined 1n claim 2 wherein each
z 1s 0 and R’ 1s an alkylidene radical of 3 carbon atoms.

4. A composition as defined in claim 1 wherein the
aromatic dicarboxylic acid is a mixture of isophthalic
and terephthalic acids.

5. A composition as in claim 1 wherein the polyester
has repeating units of the general formula:

O

I
O
T —C=

wherein n is an integer of from 2 to 4.
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6. A composition as in claim 5 wherein the polyester -

is poly(ethylene terephthalate).
7. A composition as in claim 1 wherein the polyester
has recurring units of the following formula:

CH>—CH>»

/ AN 1 {
—O—CH,CH

\
CH>—CH;

wherein the cyclohexane ring is selected from the cis-
and trans-isomer thereof, and R is an aryl radical con-
taining 6 to 20 carbon atoms and which is the decarbox-
yvlated residue derived from an aromatic dicarboxylic
acid.

8. A composition as in claim 7 wherein the polyester
has repeating units of the formula:

CH—CH>
/
—0—CH;CH
N\
CHr—CH;

0
N\ |
/CH-—-CHg—o-—c—-@

9. A composition as defined in claim 1 wherein the
~ polyester is a copolyester having repeating units of the
following formula:

CH~CH»

/
OCH»CH

CH;—CH>

wherein the cyclohexane ring is selected from the cis-
and trans-isomers thereof, R is an aryl radical contain-

ing 6 to 20 carbon atoms and which is the dicarbox-

ylated residue derived from an aromatic dicarboxylic
acid, n is an inter of 2 to 4, X units comprise from about
10 to about 90 percent by weight and the y units com-
prise from about 10 to about 90 percent by weight.

10. A composition as defined in claim 9 wherein the
copolyester has repeating units of the following for-
mula.

CH—CH>
/
O—CH;—CH

O

AN |
CH—CH;—0O—C
/7

CH>,—CH»>

11. A composition as defined in claim 1 wherein the
epoxide is a polyglycidyl compound.

12. A composition as defined in claim 1 wherein the
epoxide 1s of the following formula:

CH3 CH3
Hzc—'CH—CHz—O—@— —G CHZ—CH—CHZ—O-Q— '—@'—
\ / |[
CH3

wherein n has a value from greater than O to about 10.
13. A composition as defined in claim 1 wherein the
epoxide is of the following formula:

Yoo
CH,0—CYC—OCH,

Ys

Yo
Y7

Yg Y7

g

wherein Y through Yo which can be the same or differ-
ent are selected from hydrogen or alkyl radicals con-
taining one to nine carbon atoms inclusive and Y 1s a
valence bond or a divalent hydrocarbon radical con-
taining one to nine carbon atoms.

14. A composition as defined in claim 13 wherein Y
through Y9 are hydrogen and Y is alkylene containing 4
to 6 carbon atoms.

15. A composition as defined in claim 1 wherein the
epoxide 1s of the following formula:

10

15

25

wherein Y!through Y? which can be the same or differ-

O 0O
N\ | |
/CH—CHZ-—OC-R—C O—(CHy)»—OC—R—C—

ent are selected from hydrogen or alkyl radicals con-
taining one to nine carbon atoms inclusive and Y is a
valence bond or a divalent hydrocarbon radical con-
taining one to nine carbon atoms.

16. A composition as defined in claim 1 wherein the
epoxide is of the following formula:

40

45
II
O(CH;);—- OC C—O
'YI -Y”I
'YH‘ _l
HC
O ‘\ / 0
55 Y’S O_CHZ YHS
Ylg Ylﬁ YH’ 'Y”g
YJ‘B ‘Yl‘? Yl‘!? YIIB

wherein the Y single and double primes, which can be
the same or different, are hydrogen, halogen, or mono-
valent hydrocarbon radicals.
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17. A composmon as defined in claim 1 wherein the
epoxide is of the followmg formula: |

O

Il ~
C—0O0—CH>

18. A composnlon as defined in claim 1 whereln the
epoxide 1s of the following formula:

|| | || .
CHy—QO—(C~ C4H3—C—O"'CH2

o (T \[j:o

19. A composition as defined in claim 1 wherein the
epoxide 1s of the following formula:

O O

O

20. A composition as defined in claim 1 which con-
tains a thermoplastic polymer selected from the group
consisting of an aromatic polycarbonate, a styrene poly-
mer, a poly(alkyl acrylate), a polyurethane, a vinyl
chloride polyer, a poly(arylether), a copolyetherester
block copolymer, a polyhydroxyether, and combina-
tions hereof.

21. A composition as defined in claim 20 wherein the
thermoplastic polymer is an aromatic polycarbonate.

22. A composition as defined in claim 21 wherein the
aromatic polycarbonate is the reaction product of a
dihydric phenol and a carbonate precursor.

23. A composition as defined in claim 22 wherein the
dihydric phenol is bisphenol-A and the carbonate pre-
cursor is carbonyl chloride.

24. A composition as defined in claim 20 wherein the
thermoplastic polymer is a styrene polymer.

25. A composition as defined in claim 24 wherein the
styrene resin 1s prepared by polymerizing a conjugated
diene monomer or a conjugated diene monomer with a
monomer copolymerizable therewith or an acrylic acid
ester to provide an elastomeric backbone and thereafter
grafting at least one grafting monomer onto said back-
bone. | .

26. A composition as defined in claim 25 wherein the
conjugated diene monomer is butadiene and the graft-
ing monomer is selected from styrene, an acrylonitrile,
an acrylic acid ester, or mixtures thereof.

27. A composmon as defined in claim 24 wherein the
styrene resin i1s a butadiene/styrene/acrylonitrile resin.

28. A composition as defined in claim 20 wherein the
thermoplastic polymer is a poly(alkyl acrylate) poly-
mer.

29. A composition as defined in claim 28 wherein the
poly(alkyl acrylate) is poly(methyl methacrylate).

30. A composition as defined in claim 28 wherein the
poly(alkyl acrylate) is a copolymer of methyl methacry-
late and a vinyl monomer wherein the amount of methyl
methacrylate is greater than about 70 percent by weight
of the copolymer.
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31. A composition as defined in claim 30 wherein the
vinyl monomer is selected from acrylonitrile, N-allyl-
maleimide, N-vinylmaleimide or an alkyl acrylate or
methacrylate, wherein the alkyl group contains from 1
to 8 carbon atoms. '

32. A composition as defined in claim 28 wherein the
alkylacrylate is alkyl acrylate grafted onto an unsatu-
rated elastomeric backbone, wherein the alkyl acrylate
comprises greater than about 50 weight percent of the
graft copolymer formed.

33. A composition as defined in claim 20 wherein the

thermoplastic polymer is a polyurethane.

34. A composition as defined in claim 33 wherein the
polyurethane is derived from a polyester resin having a
molecular weight of at least about 600, an organic diiso-
cyanate, and a low molecular weight chain extender
having active hydrogen containing groups which are
reactive with the diisocyanate. -

35. A composition as defined in claim 33 wherein the
polyurethane is derived from a polyether, an organic
diisocyanate, and a low molecular weight chain exten-
der having active hydrogen containing groups which
are reactive with the diisocyanate.

36. A composition as defined in claim 35 wherein the
polyether is selected from polytetramethylene glycol
having an average molecular weight between about 600
and about 2000, propylene glycol, and polyethylene
glycol having a molecular weight above 600.

37. A composition as defined in claim 2¢ wherein the
thermoplastic polymer is a poly(vinyl chloride) poly-
mer.

38. A composition as defined in claim 37 wherein the
poly(vinyl chloride) polymer is a copolymer of vinyl
chloride with an olefinically unsaturated polymerizable
compound which contains at least about 80 percent by
weight of vinyl chloride incorporated therein.

39. A composition as defined in claim 20 wherein the
thermoplastic polymer is a poly(aryl ether).

40. A composition as defined in claim 39 wherein the

poly(aryl ether) comprises recurring units of the for-
mula:

-O-E-O-E'-

wherein E 1s the residuum of a dihydric phenol and E’
1s the residuum of a benzenoid compound having an
inert electron withdrawing group.

41. A composition as defined in claim 40 wherein the
poly(aryl ether) has recurring units having the formula:

(A), (Ar

o~ OO~ O--O-

A and A can be the same or different inert substituent
groups and are selected from alkyl groups having from
1 to 4 carbon atoms, fluorine, chlorine, bromine, iodine,
or alkoxy radicals having from 1 to 4 carbon atoms, R

‘represents a bond between aromatic carbon atoms or a

divalent connecting radical, R is sulfone, carbonyl or
sulfoxide, r and rj are integers having a value of from 0
to 4, inclusive.

42. A composition as defined in claim 41 wherein r
and r1 are O,R; is SO,, and R is the following
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43. A composition as defined in claim 20 wherein the
thermoplastic polymer is a copolyetherester block co-
polymer. |

44. A composition as defined in claim 43 wherein the
copolyetherester block copolymer has a multiplicity of
recurring intralinear long chain and short chain ester
units connected head-to-tail through ester linkages, said
long chain ester units being represented by the follow-
ing structure:

"
~—0O0—GO—C—R3—C~—

0O
I

and said short chain ester units being represented by the
- following structure

O O
| I

—O0DO—(C—R3=—(C~—
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wherein G is a divalent radical remaining after removal
of terminal hydroxy groups from a poly(alkylene oxide)
glycol having a molecular weight of from about 400 to
about 3500, D is a divalent radical remaining after re-
moval of hydroxyl groups from a low molecular weight
diol, and R3 1s a divalent radical remaining after re-
moval of carboxyl groups from a dicarboxylic acid;
with the provisos that the short chain ester units consti-
tute from about 25 to 65% by weight of the copolyester,
at least about 70% of the R3 groups are 1,4-phenylene
radicals, at least about 709% of the D groups are 1,4-
butylene radicals, and the sum of the percentages of the
R3 groups which are not 1,4-phenylene radicals and of
the D groups which are not 1,4-butylene radicals do not
exceed about 30%.

45. A composition as defined in claim 20 wherein the
thermoplastic polymer is a polyhydroxyether.

46. A composition as defined in claim 45 wherein the
polyhydroxyether has the general formula

J—F—O—E"—0—},

wherein F is the radical residuum of a dihydric phenol,
E"” 1s a radical residuum of an epoxide selected from
mono-and diepoxides containing from 1 to 2 hydroxyl
groups and n 1s an integer which represents the degree

of polymerization and is at least about 30.
Kk ¥ % #
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